Abstract. High-temperature constructional parts of aircraft engines and energy units are exposed to high dynamic stress (fatigue processes and creep) and various temperatures in dioxide-corrosion condition (hot corrosion, oxidation and erosion). The improvement of aero-engine and turbine efficiency is possible through the increase of temperature in front of turbine. This requires the use of heat-resistant and creep-resistant materials, especially nickel-base superalloys which resist mentioned effects for a limited period of time. A deposition of protective layers should improve hot corrosion resistance. This paper is focused on microstructure of protective layers created by codeposition of Al and Si on nickel-base superalloys INCO 713 LC and INCO 738 LC after thermal and thermal-stress exposition and on microstructure of basic materials (substrates). The contribution also shows creep tests results for both superalloys with and without a protective layer.
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Experimental methods and material
A diffusion barrier from Al-Si layer was developed for turbine blades of aircraft engines from nickel-base superalloy ZhS6K as oxidation and corrosion protection. The main subject of the research is an application of Al-Si protect layers to alternative materials as are INCO 713LC and 738LC. A part of samples from the already mentioned superalloys were co-deposited by Al and Si and after that they were heat-treated. Another part of samples was kept without a layer. A chemical composition of individual melts from INCO 713LC and INCO 738LC is shown in table 1. An operational degrading process was simulated by high-temperature heat treatment (temperature exposition) and by creep tests (temperature-stress exposition). The long-time annealing was performed in a Kanthal furnace with normal atmosphere at temperatures from 700 to 1100 ºC for the duration from 50 to 1000 hours. The creep tests were run at temperatures from 750 to 1000 °C (INCO 713 LC) and from 800 to 950 °C (INCO 738 LC) under constant load without protect atmosphere. The creep tests were provided by SVÚM a. s., the accredited laboratory in agreement with ČSN EN ISO/IEC 17 025:2005.
Within the scope of research, the microstructure changes and diffusion of Al and Si from the surface layers to the substrate (basic material) were monitored for each sample. The results were subsequently compared with the initial state as received without exposition.
A microstructure of layers was investigated by methods of light microscopy, laser confocal and scanning electron microscopy with chemical energy dispersive microanalysis.
Results

Creep tests results
For the mutual comparison of the influence of Al-Si layer on creep-resistant properties for INCO 713LC and 738LC, we applied the model [1] ; 
Metallographic analysis
After co-deposition of Al and Si on the surface of material (Al+Si spray application and diffusion annealing at 950 ºC for 4 hrs), the main layer splits into several sub-layers. The light microscopy was performed by means of surface analysis (Fig. 3) . The uniformity, continuity of surface layers, thickness and structure of individual sub-layers were evaluated. Other methods of investigation were chemical analysis (EDS) of structure constituent and phases in layers (Fig. 4) ; the following
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Materials Structure & Micromechanics of Fracture V three approaches were used. The first one consists of line analysis (10 or 5 area analysis along line) performed on a polished cross section beginning from the surface of specimen (100 µm for samples with Al-Si layer and 50 µm for samples without layer). The second method was applied on the surface of specimen (i.e. the beam was perpendicular to the surface) and a series of spot analyses was performed on the same place with gradually decreasing accelerating voltage (AV -10, 15, 20, 25, 30 kV). The aim was to obtain the composition information from the surface and the nearest material bellow the surface. The last method is a simple spot analysis. According to the pictures and analyses from light and scanning electron microscopy, a split into several areas is evident. The surface of the samples from both materials at the initial state (without exposition) is divided into four sub-layers, see Fig. 3, left, [2] . The upper layer, called "oxide layer", is very thin and discontinuous. By the spot and space analysis we detected Al 2 O 3 oxides which originated by diffusion from the layer, and under these oxides we can find Cr 2 O 3 which are created by diffusion from the base material. Sometimes SiO 2 oxides grow up. The second layer is a "coating zone" with Ni and Al phases. The next layer is called the "inter-diffusion zone" and contains more Si and heavy elements, such as Mo, Co, Nb, Cr, Zr and W. Simultaneously the content of Ni and Al decreases. However, cobalt is not in INCO 713LC. The last sub-layer, a "substrate diffusion zone", is actually a band without γ´ phase. Sometimes, this layer is reached in "Topologically ClosePacked"(TCP) phases. 
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After temperature and creep exposition, the thickness of particular layers is changed. Several sub-layers are created while several disappear. The distribution of single elements is also changed. After exposition at temperature 1000 ºC (and higher) for a longer time one layer remains and gets wider (Fig. 5, on the left) . From EDS microanalysis that followed, the oxygen stays on the surface and its content decreases with the distance from the surface. After temperature and creep exposition, the oxides Al 2 O 3 and Cr 2 O 3 are more created. After exposition at 1000 ºC and 200 h, this layer is somewhere cracky and sporadically is a surface without layer. However, this temperature highly exceeds the working conditions. The surface of the samples without layer is non-uniform. There is a band without coherent γ´, depleted by Cr and Al and with titanium nitrides which have an acicular morphology. This band is extended with time and temperature. After thermal-stressed exposition cavities can occur (Fig. 5 on the right) . We can state that the Al-Si protective layer improves the heat-resistivity of the materials INCO 713LC and 738LC. 
Conclusion
In the course of diffusion annealing of samples with Al-Si layer at temperatures from 700 °C to 1100 °C and after creep tests, intensive diffusion processes proceed. As a consequence, numerous phase transformations occur. The surface layer splits into several sub-layers called the oxide layer, coating zone, inter-diffusion zone and substrate diffusion zone. Owing to thermal and thermal-stress exposition, the coating zone and substrate diffusion zone expand. With increase of temperature (over 1000 ºC), the remarkable degradation is reached. A continuous layer containing Ni, Al, Cr, Si, Nb and Ti is created, and γ´ precipitates also come to coagulation of.
From performed analyses followed that the Al-Si layer improves heat-resistance of materials INCO 713LC and 738LC. It were also estimated that this layer does not nearly have an influence on creep-resistance of observed materials.
